INTRODUCTION
Deep sub quarter micron devices require junctions less than 500 8, deep in order to reduce the short channel effects [l]. Lowering the implant energy to 1 keV and below for B not only reduces the projected range but more importantly decreases the transient enhanced diffusion (TED) [2] , which is caused by point defects produced during the implant. A lower concentration of point defects, closer to the surface, are produced by low energy implants, hence lower TED. However, lowering the ion energy to keV and below reduces the available beam current for implantation due to the space charge blow-up effect, which increases with decreasing ion energy (blow up is proportional to (Il\P'2)''2.where V stands for ion energy and I for positive ion beam current).
Improvements to the current of drift beams at low energies can be obtained through design optimization of the extraction optics and beamline. Recent work in our lab showed that 2x improvement to the beam current down to 1 keV have been obtained using a more efficient extraction optics [3] . Further increases in beam current at low energies, particularly <1 keV, can be obtained through the use of a deceleration mode. In this mode the ion beam is transported from the source at relatively higher energies than the implant energy and decelerated to the implant energy at a short distance before the wafer. Such a mode could introduce "energy contamination" in the implant, in which some percentage of the ions are implanted with their initial energies before the deceleration. Energy contamination could affect the shape of the implant profile, junction depth and metallurgical junction in the CMOS channel. Yasunaga et al.., showed that devices can tolerate energy contamination up to 3% so long as the level of contamination is repeatable to +/-IO% [4] .
The mechanism by which energy contamination is formed is discussed as follows. The primary ions (A') before deceleration lose their charge, through a charge exchange collision, to the residual gas molecules (B) through the following reaction:
( 1 ) ' After collision the dopant atoms keep their initial energy and implant the wafer at this energy, yielding a deeper dopant profile. On the other hand, dopant ions that did not lose their charge lose energy in the deceleration stage and implant the wafer with a lower energy than the initial energy, yielding a shallower profile. The deeper profile distorts the shallower profile and the level of distortion depends to a large extent on the magnitude of initial energy and percentage of energy Contamination. The percentage of contamination is proportional to the pressure, charge exchange cross section, length of travel (before the deceleration lens and in line of site with the wafer) [ 5 ] . Pressure variations can result in changes in the percentage of energy contamination and, therefore, it is important to keep pressure variations to a minimum level.
The objectives of this paper are to study the effects of energy contamination on junction depth and profile before and after annealing, and on device performance. We have investigated the effect of initial energy and deceleration ratio on the percentage of contamination in low energy beams down to 200 eV. We have also studied the effect of soak and spike annealing on the junction formed. The effect of energy contamination on device performance is studied using ISE (Integrated System Engineering) TCAD software. Wafers have been implanted with B in the energy range of 0.2 to 1 keV using the deceleration mode and 0.5-1 keV usin the drift mode. For both modes a dose in the range of 2x10' to IxlO'' cm-* has been used. For the deceleration mode the range of initial acceleration energy investigated is 1-5 kV. Prior to B implants all wafers are pre-amorphized using 5 keV Ge to a dose of IxlO" cm-'. Following B implants wafers are either not annealed, soak annealed at 1050 OC for 10 sec or spike annealed to 1050 C using a ramp rate of 250 OC/sec. SIMS analysis is used to determine the effect of energy contamination on the dopant profile. is estimated by fitting a TRIM simulation of 5 keV B profile in the deeper portion of the SIMS profile as shown in the figure. As the initial energy drops to 3 and 2 kV the level of energy contamination is significantly reduced. Fig. 1 B shows that the profile of decelerated beam from 2 kV is almost indistinguishable from the drift profile. This is partly because the profile of 2 keV B is closer to that of the 1 keV profile. Fig. 2 shows as the final energy is dropped to 0.5 keV, contamination from 2 kV B is visible, but still insignificant.
I11 RESULTS
The above results indicated that both the initial energy and deceleration ratio (initial/final energy) affect the YO (percentage) of contamination. To quantify their effects we calculated the % of contamination versus initial energy and deceleration ratio for the final energies of interest (0.2-lkeV). The % of contamination is calculated from the TRIM fit to the deeper profile divided by the nominal B dose times 100. Fig. 3 shows that the percentage of energy contamination increases with increasing energy as expected and that the lowest percentage is obtained at initial energy below 5 kV.
On the other hand, Fig. 4 shows a weak dependency on the deceleration ratio. These results indicate that it is important to reduce the initial energy to 3 keV and below for sub keV B in order to reduce the percentage of contamination. 
B. Annealed
The effect of spike and soak annealing on the dopant profile and junction formed by drift and decelerated implants are shown in Fig. 5 . The implant dose for these profiles is lxlOI5 cm-2 and it is 2x higher than that shown in Fig. 1 , but the effect of energy contamination on the as-implanted profile is similar. After annealing the drift and decelerated profiles look very similar in particular at dopant concentrations above lxlO" ~m -~. These results indicate that the effects of energy contamination on the dopant profile and junction depth are significantly reduced after annealing, and that decelerated mode can be used for producing ultra shallow junctions with X,<450 A. Decelerated mode gives significant improvement to beam current over drift mode and hence higher productivity. For example decelerated beam current from 3 keV to 1 keV is 3x higher than drift beam current of 1 keV.
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C. TCAD Simulation
The effect of energy contamination on device performance is studied using ISE TCAD simulation software. A PMOS transistor with holy of 130 nm is used for this study as shown in Fig. 6 . The source and drain extensions are formed using 0.5 keV B to a dose of IxlOi5 (no pre-amorphization implant) followed by spike annealing to 1050 O C (250 OC/s up, 90 OC/s down) -this procedure is termed baseline. The effect of energy contamination is studied by implanting a known amount of 2 keV B on top of the baseline implant. This amount of energy contamination is varied from 0.05 to 5%. <0.15% the lateral junction changes by <2.5 A; for 5% contamination the lateral junction changes by 25 A. Fig. 9 shows these changes on the effective channel length Lff. So for contamination <O. 15% Lff changes only by 0.5% or 5 8, -this is a much lower variation than typical CD variation in device manufacturing of +/-5-10% of lpoly (i.e. +/: 50-100
Figs 10 and 11 show the effect of energy contamination on threshold voltage and drive current. Again, these figures show small percentage change to V, and 1~s~~ due to actual level of contamination in the Quantum Leap. The electrical characteristics of the device were simulated using mesh generator MDRAW [7] and device simulator DIOS [6] A).
IV. CONCLUSIONS
Actual percentage of energy contamination in the Quantum Leap is very low (<0.15%). The effect of energy contamination on the junction is almost eliminated after spike and soak annealing. ISE TCAD device simulation shows that contamination levels <O. 15% yields negligible effect on device performance and that devices may tolerate even a higher level of contamination up to a few percent in agreement with [4] . 
